I. Introduction
Plio-Pleistocene floral change in Japan is characterized by the elimination of Tertiary elements and the occurrence of modern elements. This change was described first by MIKI (1948) from the Osaka Group and other correlative strata in and around the Kinki District. Later, many researchers re-examined his localities based on detailed stratigraphical studies of the Osaka Group, e.g., HUZITA 1954), ITIHARA 1960), and KOKAWA (1961) . Among them, ITIHARA (1960) reported that the elimination of Metasequoia from the Osaka Group was contemporaneous within the area, and he made an attempt to divide the group into the upper and lower parts based on that evidence.
The Plio-Pleistocene Shobudani Formation is distributed along the Kinokawa River in Wakayama Prefecture and the Yoshino River in Nara Prefecture (KAWADA, 1939; SHIIDA and KOKAWA, 1954; SANGAWA, 1977) . It consists mainly of fluvial sediments and yields many well-preserved plant macrofossils (MIKI, 1941a (MIKI, , 1948 (MIKI, , 1950 (MIKI, , 1957 SHIIDA and KOKAWA, 1954) , The formation is thought to be correlated with the Osaka Group (SANGAWA, 1977) . The type-specimen of the genus Metasequoia was described first from the formation by MIKI (1941a) , and later the living plant identical to the fossil specimen was discovered in China (HU and CHENG, 1948) .
In this paper, plant macrofossil assemblages in the Shobudani Formation in the northern part of Hashimoto City, Wakayama Prefecture, are described. An attempt has been made to obtain biostratigraphical and palaeoecological implications of the area.
II. Stratigraphy
The study area is located around Miyukitsuji and Shobudani, Hashimoto City, and Tahara, Koyaguchi-cho, Ito-gun, Wakayama Prefecture (Fig. 1) . The Shobudani Formation in the area is about 100 meters thick, unconformably overlies the Sanbagawa crystalline schists, and is overlain unconformably by terrace deposits. The formation is mainly bounded on the north by faults and contacts with the Cretaceous Izumi Group.
The lower part of the formation consists of an alternation of silt and subangular-angular pebbles, and the upper part mainly consists of subrounded pebble-cobbles around Miyukitsuji, although in areas around Shobudani and Tahara it consists of an alternation of subangularangular pebble-cobbles and silt (Fig. 2) . Because of the difference in the facies, SANGAWA (1977) segregated the upper part from the formation and referred to it as the Gojo Formation. However, the deposits of the formation interfinger locally with those of the Shobudani Formation within the study area. In this paper, therefore, the lower and the upper part of the formation is designated here as the lower and the upper member, respectively. There are six volcanic ash layers, Sh1-Sh6, in ascending order in the area, of which Sh1 and Sh 6 were confirmed by fission-track data of (SUZUKI, 1988) . In his report, however, the former ash layer is referred to as the Miyukitsuji tuff layer and the latter as the Jizoji tuff layer.
Plant macrofossils are obtained from every peaty layer at all of the sites with the exception of the site 19. There are at least three kinds of peaty sediments from which plant macrofossils are found. The differences in character of the matrix seem to be influenced by depositional conditions under which they have been formed. The one of these is interbedded within stratified sands or sandy silt, the second is unstratified and laterally well continued peaty silt, and the last one is a laminated lignitic silt.
III. Method
Although some larger plant macrofossils were collected from the outcrop at the site, samples of a known volume of more than 250cm3 were macerated in water and then passed through 2mm, 1mm, 0.5mm, and 0.25mm mesh sieves. The fractions were examined under a binocular microscope. They were picked out and counted. The lignitic silt was left in 8% potassium hydroxide and then neutralized with hydrochloric acid before applying a sieve.
All specimens obtained have been preserved in 70% alcohol and stored in the Osaka City University.
IV. Result
Fossil plants representing the Shobudani Formation are now found to include 221 taxa, i.e., 128 of them are woody, 93 represent herbaceous (Table 1) . Systematically the woody taxa are composed of 20 gymnosperms and 108 angiosperms, while the herbaceous taxa comprised of 1 charophytes, 1 bryophytes, 4 pteridophytes, and 87 angiosperms.
Fossil plants which are either extinct or no longer represented in Japan include 19 woody and 2 herbaceous. Based on the sequential record of the occurrence the Shobudani Formation in this area is divided into six assemblage zones labelled as SB-I to SB-VI, starting from the base (Fig. 3) .
They are characterized as follows:
SB-I (P-1 and 2) This lowest zone is characterized by the occurrence of Cunninghamia sp., Ilex aff. cornuta and Phytolacca japonica belonging to the warm temperate elements. Metasequoia glyptostroboides, Hamamelis parrotioides and Morus sp. are well represented. Among herbaceous plants, Batrachium sp. is included in this zone.
SB-II (P-3 to 5) This zone is characterized by the dominance of Picea sect. Eupicea including P. maximowiczii, Betula maximowicziana and Picea jezoensis belonging to the cool-temperate and subarctic elements.
Tsuga spp. and Abies spp. are also dominant. On the other hand, warm-temperate elements are virtually absent. Only two species of extinct members, i.e., Metasequoia glyptostroboides and an unknown species of Selaginella that is tentatively designated here as S. sp. a, occur in this zone. Metasequoia is well marked with its short branches.
Among herbaceous plants a species of Scirpus, here tentatively designated as S. sp. a, and a species of Carex designated as C. sp. 1 are exclusively found only in this zone.
SB-III (P-6 to 23, 27 to 30, and 34) This zone is characterized by the occurrence of Evodia glauca, Sapium sebiferum var. pleistoceaca, Premna japonica, Lagerstroemia sp., Actinidia cf. rufa and Ficus cf. pumila. They or their close allies are now found from subtropical to borders of warm temperate latitudes in the greatest abundance. At warm temperate latitudes, they are confined to the coastal areas. For the sake of convenience in this paper, they are designated as the subtropical elements. The members belonging to the warm-temperate elements such as Cunninghamia sp., Cyclocarya paliurus, Pterocarya aff. stenoptera, Ilex aff. cornuta, Cinnamomum macropodum and Ludwigia ovalis, and those of the cooltemperate elements such as Picea sect. Eupicea, Chamaecyparis pisifera, Stewartia cf. monadelpha, Phellodendron amurense and Fagus crenata occur together with the members belonging to the substropical elements just mentioned. It would be of value to note that some cones belonging to the genus Picea sect. Eupicea are distinct from those of any modern Japanese species. These are shown in Figs. 2-4 of Plate I.
Many kinds of extinct plants occurred in this zone. Among them, Metasequoia occurs in almost all of the peaty layers, while Juglans megacinerea is scares.
Conifers are well represented. Picea sect. Eupicea other than P. koribai, Cryptomeria japonica, Cunninghamia sp., Pseudotsuga spp., Tsuga spp. and Abies spp. are found to occur mainly in stratified sand or sandy silt layers. On the other hand, Picea koribai and Metasequoia are recorded commonly also in unstratified peaty silt layers associated with abundant aquatic and/or semiaquatic plants. SB-V (P-36 and 37)
The members belonging to cool-temperate and subarctic elements are dominant. In the peaty layer P-36, Picea jezoensis, Betula maximowicziana associated with abundant aquatic plants such as Characeae, Potamogeton spp., Najas spp., Trapa sp. and Trapella sinensis are recorded, while in the layer P-37 abundant leaves of Picea cf. polita and Pinus subgen. Haploxylon including P. koraiensis with well-preserved fruits and fruiting bracts of Betula platyphylla are found. Extinct plants are not recorded except Selaginella sp. a.
SB-VI (P-38 and 41) This uppermost zone is characterized by the occurrence of Ficus cf. pumila and Actinidia cf. rufa belonging to the subtropical elements and Cunninghamia sp. belonging to the warm-temperate elements.
The occurrence of members belonging to the cool-temperate elements is rare. The only representative of them is one seed of Chamaecyparis pisifera in the peaty layer P-40. Some extinct plants as Cunninghamia sp. and Fagus aff. hayatae occur in abundance.
V. Discussion 1. Floral and climatic implications As was described in the preceding chapter, the fossil assemblage zones both for SB-II and SB-V are mainly characterized by the dominance of the members belonging to the cool-temperate and subarctic elements, implying that climatic conditions are thought to have been cool. On the contrary, the zones SB-I, SB-III, SB-IV, and SB-VI are for the most part characterized by the occurrence of the members belonging to the warm-temperate and/or subtropical elements associated with some members belonging to the cool-temperate elements, suggesting that the overall climate was warmer as compared with that during zones SB-II and SB-V.
During the zone SB-II, the fossil assemblage suggests that the climate may have been colder than during the zone SB-I. The occurrence of many well-preserved cones for P. maximowiczii associated with abundant leaves for Picea sect. Eupicea suggests that the species played an important part in the local forests. In the same zone, no cones for P. jezoensis are found but the occurrence of its leaves indicates that the species may be occurred at higher altitudes.
During the zone SB-III, the presence of the members belonging to the subtropical and warm-temperate elements suggests that the climate was warmer than the preceding cold phase. However, many plants belonging to the cool-temperate elements are also existed during this zone. It is, then, likely that the climatic conditions are thought to have been mild and oceanic.
The coexistence of the plants attributed to both subtropical and cool-temperate elements in fossil assemblages has also been often recorded from the Osaka Group (e.g., MIKI, 1948; MINAKI et al., 1981) . These workers have been assumed that these plants may have occurred within a nearby vegetation under mild and oceanic climatic conditions. Fossil flora represented in the zone SB-III is thought to be comparable with those obtained by them in terms of depositional environments.
As the matter of fact, the unstratified peaty silt layers yielded abundant and well-preserved plant macrofossils belonging to the cool-temperate elements associated with those of subtropical and/or warm-temperate elements. These sediments are assumed to have been deposited under a deeper and less turbulent water, and included many plant materials and minerals from nearby areas.
The members belonging to the subtropical elements such as Actinidia cf. rufa, Ficus cf. pumila, Premna japonica and Evodia glauca represented in the zone SB-III occur along coast of present southwestern Japan, where warm and humid winters prevailed. The members attributed to the cool-temperate elements as Picea sect. Fupicea and Betula maximowicziana, on the other hand, require cool summers. The intermingling of these plants is thought to represent an ecotone between these fossil plants in the coastal area. In other words, the flora suggests that mild and oceanic climatic conditions may have been prevailed.
During the zone SB-IV, a warm and mild climate prevailed as indicated by the occurrence of the members belonging to the warm temperate elements such as Cunninghamia sp. and Broussonetia sp.. However, the lack of the members belonging to the subtropical elements indicates that the winter climate was colder than the preceding zone. During the zone SB-V, the climate became much colder than the preceding zone. The occurrence of the members belonging to the subarctic and cool-temperate elements associated with many aquatic plants in the peaty layer P-35 indicates that the members attributed to the subarctic and cool-temperate elements as Picea jezoensis and Betula maximowicziana inhabited in local forests.
During the zone SB-VI, the occurrence of the members belonging to both subtropical and warm-temperate elements, such as Ficus cf. pumila and Cunninghamia sp. indicative of warmer conditions, indicate a climatic amelioration again. However, the members attributed to the cool-temperate elements are rarely found. In practice, only one seed of Chamaecyparis pisifera was recorded from the peaty layer P-40. Then, it seems to likely that the tree may have been inhabited at higher places.
The summer climates during this zone are assumed to have been warmer than during the zone SB-III, and then, the range of annual temperatures might have been wider than the zone SB-III. The occurrences of limited members belonging to the cool-temperate elements seem rather due to high summer temperatures.
2. Stratigraphic correlation with the Osaka Group The volcanic ashes in the Shobudani Formation are rare and weathered. Thus, the direct correlation with those of the Osaka Group is difficult. The formation is, however, distributed just beside the Osaka Group, then the mode of occurrence of the fossil plants from both areas can be compared with respect to a correlation. Fig. 4 shows the stratigraphic distribution of selected plant macrofossils in common both from the Osaka Group and the Shobudani Formation. In the instance of the Osaka Group, however, three genera as Liquidambar, Pseudolarix and Glyptostrobus that are not known so far from the Shobudani Formation in the study area are added. As shown in the figure, the mode of occurrence from the Shobudani Formation is similar to that from the Osaka Group, i.e., 1) Fagus crenata and Cryptomeria are recorded from a later stage of the lower part of the Osaka Group onward, while they are represented during the zones SB-III to SB-IV of the Shobudani Formation.
2) Juglans megacinerea, Pterocarya aff. stenoptera, Cyclocarya paliurus, Metasequoia glyptostroboides and Picea koribai became extinct from the lower part of the Osaka Group as represented respectively in the sequential order of termination.
The same is true to the zones SB-III and SB-IV of the Shobudani Formation. Among them, it is worth to mention that the last record of both Metasequoia and Picea koribai was in the Ma 2 marine clay of the Osaka Group, while these are presented during the zone SB-IV. 3) Cunninghamia and Fagus aff. hayatae are well extended to the upper part of the Osaka Group in one hand, they are represented during the zone SB-VI on the other.
Based on these evidences, the zones from SB-I to SB-V are correlated with the lower part of the Osaka Group and the zone SB-VI is correlated with the lowest part of the upper part of the group. The age of the Shobudani Formation in the study area is assumed to early Pleistocene, which corresponds approximately to the ages obtained by fission track data (SUZUKI, 1988) .
3. Plant extinction from the area and its causes As noted in the preceding chapter, some plant species became extinct during the zones SB-III to SB-IV from the area studied and also from the Apr. 1990 Osaka records (e.g., KOKAWA, 1961; IBARAGI RESEARCH GROUP, 1966) and pollen records (TAI, 1973) from the Osaka Group, however, have been noted a few climatic deteriorations existed during the late early-Pleistocene. Some members belonging to the warm-temperate elements might have been exterminated due to a decrease in winter temperatures, for which it has not been clearly recognized during the zones SB-III and SB-IV.
Genus Picea is now widely distributed from cool-temperate to subarctic latitudes of the ITIHARA et al. (1966 ITIHARA et al. ( , 1975 , KOKAWA (1961) , KOMYOIKE RESEARCH GROUP (1971) , MIKI (1941b MIKI ( , 1948 MIKI ( , 1950 MIKI ( , 1954 MIKI ( , 1955 MIKI ( , 1957 , MIKI et al. (1957 ), MOMOHARA et al. (1986 , NIREI (1968) , NISHIYAMA RESEARCH GROUP and EARTH SCIENCE CLUB OF KATSURA HIGH SCHOOL, KYOTO (1970) , NAKAGAWA (1984), and YOSHIKAWA (1973) . Open circles are unpublished records from the Osaka Group in the Sennan District. The uppermost occurrence of Cunninghamia from the Osaka Group is cited from NASU (1972) and MIZUNO and MINAKI (1986) .
Northern Hemisphere. One extinct species recognized by MIKI (1948) , Picea koribai, however, seems to have been inhabited under warmer conditions than modern Picea because the species is co-occurred always with the members belonging to subtropical and/or warm-temperate elements, where the sediment is unstratified peaty silt. It is likely that Picea koribai became extinct in the same way as the members belonging to the warm-temperate elements did, i.e., the repeated gradual climatic deteriorations during the zone SB-IV led eventually to the termination of the species from the area.
With regard to Metasequoia glyptostroboides, the extinction of it can not be explained only by a lowering of winter temperatures.
The common occurrence of it associated with the members attributed to the subarctic and cool-temperate elements in the zone SB-II suggests that the species was common during the cold phase. Additional fossil records from the Osaka Group support this suggestion, i.e., Metasequoia occurs associated with Pinus koraiensis and other members belonging to the cool-temperate elements from Ibaragl (IBARAGI RESEARCH GROUP, 1966) and from Kantengoya (KOKAWA, 1961) in the Osaka district. The species should have had a much wider distribution across several different vegetation zones than it now has in China.
Two possible causes may be explained on the extinction of Metasequoia. The first is a rise in summer temperatures.
As had been indicated by the constituents of the plant macrofossils, the zone SB-VI suggests warmer summers, in other wards, less oceanic than the zone SB-III. Thus, the members belonging to the cool-temperate elements as Chamaecyparis pisifera and Picea could not have been grown on lowlands associated with the members belonging to the subtropical and/or warm-temperate elements. Metasequoia may be susceptible to summer warmness rather than winter coldness, although overall climatic deteriorations during the zone SB-IV may not be negligible.
The second is changes in topographical features reflected on the facies of the deposits. The size of gravels was coarser in the upper member than in the lower member. SANGAWA (1977) mentioned that surrounding hills and mountains had uplifted when the upper member was formed and that from there these coarse gravels were derived. This uplift combined with a change in climate must have related to change in topography of the sedimentary basin, leading to an extermination of some plants including Metasequoia. SUZUKI (1977) has noted that the extinction of Metasequoia could not be explained only by a lowering of winter temperatures based on freezing experiments carried out by SAKAI (1971) , and suspected that a competition with Cryptomeria together with a change in topography may induce the termination. His suspicion is hard to believe because a different kind of sediments from which both genera are recorded is noted. Metasequoia occurred abundantly in unstratified peaty silt, whereas Cryptomeria is found mainly in stratified sandy layers. Therefore, the former genus may have had its habitat in a lower area than the latter.
